Deteriorated cottonseeds containing large amounts of free fatty acids in the oil were reported in a previous work (Mayne, 1956) to contain or to carry on their surfaces large numbers of lipolytic microorganisms. It was noted also that certain kinds of lipolytic organisms were found in the samples of deteriorated seed (rarely on the samples of prime seed), while other lipolytic types were found in both kinds of seed. In an effort to find any differences in the activity of these types, a program involving quantitative measurements of lipolysis was carried out on cultures of 42 bacterial and 43 mold isolates from cottonseed.
Two types of quantitative measurements of lipolysis have been reported in the literature: One involves the use of enzyme preparations (Ramakrishnan and Banerjee, 1952; Fodor and Chari, 1949; Fiore and Nord, 1949) , and the other depends on measurements of the total titratable acidity developing in a culture of the microorganisms (Mukherjee, 1951; Goldman and Rayman, 1952 ). The latter workers developed a method for making a stable emulsion of minute oil globules of uniform size. This technique was an important contribution since the ease of lipolysis is influenced by the availabilitv (surface area) of the fat.
It was thought that a more exact knowledge of fat decomposition would be gained by measuring only the acidity in the extracted fat, as distinguished from total titratable acidity, developing in a culture of the microorganisms in question. Such a test was developed for this study to reveal any differences among the various species of microorganisms in their use of fat and in the acidity of the fat extractable from the cultures. These differences might explain then the occurrence of some types of lipolytic organisms in seed with little free fatty acid. (NRRL-B-10) and Oospora lactis (Fres.) Saccardo (a lipolytic yeast from rough rice, Teunisson, 1954) . Some of the organisms were tested in duplicate for their lipolytic abilities after incubations of 2, 4, and 6 weeks; others were tested in duplicate after incubation of 6 weeks only.
Inocula. To be sure that all cultures were actively growing, they were transferred three times on glycerol agar, the molds being subcultured weekly and the bacteria daily. Each culture was planted on a large slant of glycerol agar. After the bacteria had grown 1 day and the molds 7 days, suspensions of each microorganism were made in sterile solutions containing 0.05 per cent Tween 202. The suspensions were diluted with the Tween solution to a density which allowed 55 per cent transmission in an Evelyn colorimeter equipped with a filter which transmits light at 6200A. Portions (1.8 ml) of these suspensions were used to inoculate bottles of oil emulsion medium.
Preparation of medium. The cottonseed oil emulsions, made in a Manton-Gaulin homogenizer,2 and nutrient solutions were prepared as described by Goldman and Rayman (1952) . Diluted emulsions were distributed in 50-ml amounts into round screw-top bottles which were then plugged with cotton and autoclaved for 18 minutes at 121 C. Sterile nutrient solution was pipetted aseptically into each bottle to a final volume of 60 ml of culture medium. Final content of the medium was approximately 4.5 per cent cottonseed oil, 0.45 per cent Astec 4135 (a soybean phospholipid),2 0.5 per cent yeast extract, 0.1 per cent KH2PO4 and 0.1 per cent K2HPO4. Since the various batches of emulsion differed slightly in fat content, blanks were run for each day's samples to correct for the differences in initial fat content as well as for any spontaneous development of free fatty acids.
Inoculations. For each isolate to be tested, two or six bottles (depending on the number of tests to be made) of the final medium were inoculated with 1.8 ml of the inoculum described above. For the controls or blanks, 1.8 ml of sterile 0.05 per cent Tween 20 solution was added to each of two or six bottles of sterile medium. Inoculations were staggered so that seven isolates and LIPOLYTIC ACTIVITY OF MICROORGANISMS one set of blanks were prepared every other day. Incubation of cultures and blanks was maintained at 25.5 i 2 C and 53 to 70 per cent relative humidity.
Examinations. After the desired period of incubation, two bottles of each culture and two blanks were examined. The pH value of each was obtained with Hydrion papers. Notation was made concerning the appearance of the emulsion and the amount of growth.
Where necessary, smears were made to determine whether growth had occurred.
To break the emulsions and extract the oil, the following procedure was adopted after preliminary experiments using known amounts of acetic and stearic acids. To each culture was added enough sodium chloride, approximately 25.5 g, to saturate it. The mixture was autoclaved at 121 C for 15 minutes, thereby killing all organisms and breaking the emulsion. After cooling, the whole culture was extracted four times by vigorous shaking with 20-ml portions of Skellysolve F.2 After each shaking, the solvent was separated by centrifugation for three minutes at 1,200 rpm and removed by siphoning. The four extracts from each culture were pooled; the solvent evaporated from a tared flask on a steam bath, and the dried oil weighed in the flask. This method was found to recover fatty acid from the emulsion quantitatively within 5 per cent. Experimental evaluation of the efficiency of the method for extracting neutral fat was unnecessary, since the calculation for the amounts of fat used by the microorganisms was based upon differences between values of fat extracted from original emulsions and values of fat extracted from incubated cultures. However, it was found that the deviation between values of fats extracted from samples of the same emulsion was less than 1.5 per cent.
Fatty acids were determined by dissolving the oil in 100 ml of neutralized isopropanol and titrating with 0.1 N NaOH, using m-cresol purple as the indicator. In a few cases where the oil was colored, it was transferred to a large beaker by washing with 50 ml of neutralized isopropanol; 60 ml of saturated sodium chloride was added and the solution was titrated with constant mixing to a pH value of 9.1 (Beckman meter) with NaOH. Weights of fatty acids were calculated as oleic acid. Titration of the acids in the aqueous portions of the cultures was found inaccurate since pigments produced by the organisms interfered with colorimetric endpoints and the electrometric end points were not sharp, extending over a short pH range and a large volume of base.
RESULTS AND DISCUSSION
The pH value of the various uninoculated blanks changed from 6.6 to 6.8 to a range of 3.5 to 6.6 during the periods of incubation. The pH of the cultures ranged from 3.5 to 6.8, the majority of values being within 5.0 to 6.8. All the blanks, except one set, remained sterile during the entire experiment; the exception was contaminated with cocci and had a pH of 5.0. Good growth occurred in all the cultures.
The amount of triglyceride which had been changed or used by each organism was calculated on the basis of the weights of fat extracted from the cultures and blanks, and of the amounts of fatty acids titrated in the extracted fats. It was necessary to know (1) how large a portion of the triglyceride was changed to hexane-soluble fatty acids, (2) how large a portion was changed to hexane-insoluble or volatile compounds not extracted from the cultures, and (3) the total of these portions. This information is given in table 1 in terms of per cent of the weight of the original neutral fat (one batch approximately 2.7 g and one batch approximately 2.45 g). Calculations were made as follows: (1) The weight of neutral fat changed by the organisms to hexane-soluble fatty acids was 1.04 times the difference between the weight of fatty acids in the culture and the weight of fatty acids in the blank. The factor of 1.04 changed fatty acid weight to the equivalent weight of triglyceride. (2) The weight of neutral fat changed by the organism to hexane-insoluble or volatile compounds was equal to the weight of total fat extracted from the blank minus the weight of total fat extracted from the culture, where both weights were corrected to a neutral fat basis. This correction is applied by replacing the actual weight of fatty acids with their equivalent weight in terms of neutral fat, that is, weight of fatty acids by 1.04. The use of neutral fat of the incubated blank rather than the original amount of neutral fat cancels the unexplainable loss of neutral fat from the blank in excess of that accounted for as free fatty acids.
It was found that the organisms could be arranged in five groups according to their activity. Group I was made up of 14 isolates of Xanthomonas-like bacteria which were very strongly lipolytic; they used 65 to 90 per cent of the neutral fat, most of which remained in the cultures as fatty acids. Group II was composed of a group of molds, mostly of the genera Aspergillus and Penicillium, which were strongly lipolytic, using 60 to 80 per cent of the neutral fat with a moderate accumulation of fatty acids. Group III contained 13 isolates of Aspergillus flavus which were strongly lipolytic, but which accumulated a small amount of fatty acids. Group IV was made up of a mixture of species of molds and a number of Pseudomonas species which were moderately lipolytic. Group V was weakly lipolytic and consisted mainly of species of gram positive rods.
It should be noted that in this work the term "lipolytic" is applied to organisms using neutral fat and the definition is not dependent upon the demonstration of formation of fatty acids. It is possible that those organisms which accumulated free fatty acids, for ex- 
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It is interesting to note that in most cases organisms identified as the same species or genus can be placed into the same group or adjacent groups. Since the sources (Mayne, 1956) were sometimes a thousand miles apart, it is felt that this indicates a rather stable hereditary characteristic.
It may be noted also that the molds producing and accumulating the largest per cent of free fatty acids in the extracted oil were the so-called "storage molds," aspergilli and penicillia. The A. flavus strains which did not, as a group, accumulate fatty acids were however strongly lipolytic in that they used most of the neutral fat. It is presumed that they first hydrolyzed the triglycerides and then used the resultant fatty acids. On the other hand, the molds producing the least amount of fatty acids and being least lipolytic were those that are considered plant pathogens, the fusarias, diplodias, and so forth. Bacteria have not been studied as much as molds in the problem of deterioration of stored seed because they are said to be inactive at moisture levels in equilibrium with relative humidities lower than 90 per cent. However, it should be noted that the possible pathogens, the Xanthomonas-like bacteria and the Pseudomonas species, produced higher levels of free fatty acid than the saprophytes, bacilli.
There was a question as to whether the qualities of seed which were the source of these organisms were correlated with the strength of lipolytic activity of the organisms. In the previous work it had been found that seed with high free fatty acid conitent in the oil also had contained large numbers of lipolytic organisms. Seed of good quality had not contained large numbers of lipolytic molds but a few samples had contained large numbers of lipolytic bacteria. The general occurrence of organisms with strong lipolytic abilities in or on seed of bad quality is demonstrated in table 2. The quality of the seed source of isolates in each group of organisms is given. Almost all organisms in the strongly lipolytic Groups I, II, and III were found in seed with high free fatty acids content in the oil, but a high percentage of the two less active groups were found in good seed. Seventeen isolates from good seed were tested and only three were found to be highly lipolvtic.
The rates of lipolysis also seemed to correlate with the total amount of neutral fat used and free fatty acid produced. It may be seen in figure 1 that representative isolates in Groups I, II, and III have greater rates of lipolysis for the first two weeks than during the subsequent weeks of incubation, but isolates in Groups IV and V, which were moderately and weakly lipolytic, had little change in rates of lipolysis during the first four weeks of incubation.
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